Objective: In human speech, the changes in intonation, rhythm, or stress reflect emotions or intentions and are called prosody. Dysprosody is the impairment of prosody and has been described in stroke and neurodegenerative disorders. Reports in epilepsy patients are limited to case reports.
as dysprosodic by only one of the respective reviewers (J.R., n ϭ 6; A.S.P., n ϭ 4). These seizures were all reviewed together, but not included into the dysprosodic group. These patients had mostly a strong local dialect (n ϭ 7), which at first had them being rated as dysprosodic, which was revoked after discussion. The kind of impairment (pitch, melody, intensity; table 1) was defined by discussion of both raters.
The quantitative analysis needed high-quality recordings of ictal speech and a corresponding repetition of that word or phrase interictally. Quantitative analysis describes the frequency peaks of a sound, which are called formants. Typically the formants F0 (lowest frequency, an approximation of the subjective percept of pitch) to F4 (highest frequency) are analyzed. For quantitative analyses we used the software "Praat" (version 5 mainly characterized by monotonous speech, namely a loss of melody and an impairment of pitch. Right-sided TLE (n ϭ 16) was the most common epilepsy syndrome among our dysprosodic patients, which represents 10.3% of all our patients with right TLE. Most patients had a right temporal (n ϭ 20) or other right hemispheric (n ϭ 3) seizure pattern during the ictal dysprosody. In particular, the patients with multifocal epilepsy (A24 and A25) and another patient with left-sided parietal lobe epilepsy on the left (patient A22) had right-sided seizure patterns (propagation of seizure pattern in both cases). One patient had left-sided frontal lobe epilepsy due to a cavernoma with a left frontal seizure pattern at the time of dysprosody (patient A26). In this patient, a Wada test and extraoperative electrical cortical stimulation with subdural grid electrodes demonstrated atypical language lateralization to the right hemisphere. Quantitative analysis. In 11 of the 26 patients, sufficient ictal and comparative interictal recordings were available for quantitative analysis. In some of the patients, as illustrated in the figure, the ictal analysis demonstrated considerably less frequency variation of the formants (table 2 and appendix e-1). In 3 patients (A2, A5, A10) more than one word was available for ictal and interictal comparison. Especially the variation of the formant F0 (SD of the frequency) varied between ictal and interictal recordings. In most patients, the F0 variation was smaller in the ictal voice compared to the interictal voice as a representation of a monotonous voice (table 2). In one patient, the variation differed by more than tenfold (patient A2, table 2). In one patient (A3), though, the F0 variation was considerably higher ictally than interictally. One of the characteristics of his ictal dysprosody was a wavering of his voice. The changes in the formants F1 to F4 differed in 6 of the 15 samples. Especially in patient A5, who had a very obvious qualitative impairment of pitch and melody, did we also see differences between ictal and interictal speech (see appendix e-1).
Figure Spectrogram comparing the ictal (A) and interictal (B) frequencies in patient A5
Dark ϭ high energy; light ϭ low energy. The course of the formants (red dots) and the formant F0 (blue line, approximates pitch) varies more interictally (B). Please note the different frequency scales for spectrogram and formants (red) and F0 (blue).
DISCUSSION
Our study demonstrates ictal impairment of prosody only in patients with nondominant hemisphere seizures, mostly when involving the temporal lobe, which had only been described in single cases previously. [4] [5] [6] Our patients (26 of 967; 2.7%) were identified out of an otherwise unselected group of patients considered for epilepsy surgery. A prerequisite of ictal prosody analysis is ictal speech. 7 The rate of ictal speech (272 of 967; 28.1%) in focal epilepsies in our study compares well to the literature (34.2% in the only systematic study on ictal speech 7 ). As ictal dysprosody is exhibited mostly in seizures arising from the nondominant hemisphere, and is present only in a small share of these patients, it will add only little lateralizing significance beyond ictal speech itself.
However, ictal dysprosody has a high localizing value, as 76.9% of our patients had a right temporal seizure pattern at the time of dysprosody, which correlates to the presumed localization of emotional prosody in the right lateral temporal cortex. 8 The quantitative analysis demonstrated changes to the objective measures that correlate to the subjective perception of altered prosody in selected patients. The everyday use of these technical applications is for now unlikely, though. For one, it seems that our ear is far more finely tuned to perceive those changes than the technical tools applied in this study, as illustrated by the smaller share of patients with quantifiable changes. Furthermore, the technical constraints in the epilepsy monitoring unit limit the possibility of quantitative analysis in general because of noise and other disturbances. One application of quantitative analysis may be in research where for example in epilepsy surgery patients with subdural or intracerebral electrodes, 4 prosody disturbances may be further evaluated by electrical stimulation. Ictal testing is limited by the short seizure duration and other ictal features. Therefore, the postictal period could be evaluated more systematically for prosody impairment. 9, 10 Ictal dysprosody is an easily obtained localizing sign that shows the involvement of the nondominant temporal lobe, which may be used in the presurgical evaluation of refractory epilepsy patients. 
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